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(54) SMALL-SIZED TOTAL ANALYSIS SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a small-sized 
column device by composing a substrate of a material 
selected to avoid the inherent chemical activity and 
instability of pH thereby substantially laser cutting a 
flat, substrate. 

SOLUTION: The small-sized total analysis system 
comprises a small-sized column device 2, i.e., a 
substrate 4 having substantially flat first and second 
surfaces 6, 8 facing each other. The substrate 4 has a 
first microchannel 10 made by laser cutting the 
surface 6 and composed of a material other than 
silicon or silicon dioxide. The system comprises the 
substrate 4 where the channel 10 has at least two 
sample treating regions 202, 204, 206-220, and a 
cover plate 12 disposed on the surface 6 thereof and 
combined with the channel 10 to form a first sample 
treating section 14. Each region 202-220 is provided 
with at least one inlet port 1 8 and outlet port 22 for 
communicating through fluid with the sample treating 

elements (214, 216-220) thence with the cover plate 12 defining the elements 202-212 and 
the section 14 thus passing the fluid from an external fluid source through the section 14. 
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im^^i} nMi\:.i^y^'f^<'<:^ (2) f^^hi&^^b 

mt^i/i^i^^T-J^^ (2 0 0) r*fooT. (a) 

s^ffi (6) iBL(im2wm.^m (s) (D'^'^m^w-^^^ 
taiBSffi (4) fflrisMi^m^® (6) tciu-if^ 

^iJ$tvfc||l'^'Y^J^t3 5^^^/P (10) 

mmmi-^^ ^^"^^^^^ (10) :d5/>7if< ^4>2ocO 
Un^i¥m^ (202, 204, 206. 208, 21 
0, 212, 214, 216, 218, 220) 

^iss« (4) (b) Mia^ 1 ^tai^® (6) 
±i^gags^x. m^&mi'^'^i^^'^^^^^ (10) 
ffl'&^-e^ 1 (i4) ^miiZ'r^:^^<-m 

(1 2) -efci?. 

l*Wft®«(2 0 2, 2 0 4, 2 0 6, 2 0 8, 2 1 
) 0, 2 1 2, 2 1 4, 2 1 6, 2 1 8, 2 2 0) 

^^m^^mm (214, 216, 21$, 220) tm 
{^mmi^x^p^m^mm (2 0 2, 204, 206, 2 

0 8, 210, 2 1 2) ^:e^^>TV^s, Sfria;^^-<— IS 

(1 2) (c) d 4) 

^|f|5<?5ijEft:M/&^?>^Ki|S|'^fO;S^iiJ (14) ^ilUT 
8) ^^/cC< t t> lOOttiP^^K— h (22) ^^A/ 

[tf*^2] (a) i^v =^>'X\-^=^mit^-^mi^^(ou 
m.fj:^^m (110, 112) ^feo^i (1 0 6) Si 

XJ^m2 (10 8) <D«^iim^^^*i-^^l^#= (1 0 
4) (b) ^l^i^ft:^55^ (10 4) (Df^*® (1 

1 O) tdl/— if^iJ^tvfcHl-r-Yi^^P^^^^/l- (1 1 
4) m2Xn»^^ (1 0 8) Of^^S (112) 

) \:iu-^mm^Mcm2'^^ ^ ti^^^/u die) i: 

»lS:'0*^2-r-r^n^-r^/i^ (1 1 4, 116) 
(c) (1 0 6, 1 0 8)<Ort^B(ll 

0. 1 1 2) «r5:v>t;i«fpi^^^x*r^^p« vh-r^- 
ttijtoTJi^^^ti^mii^iN'aLSiH:® (14) -efco 
T. -^ntc:J:o-C. -^-fiJ^ p'^-r^-^'i- (1 1 4, 11 
6) ;65tafB|gl^JN'«liaiS:ilI (14) :ei^ofitlia 
m 1 ^i|sf*{LSEH (14) ;5f5^W'?&V^^^ (2 1 
4. 2 1 6. 2 1 8, 2 2 0) t Mi^^Mm l^tL^nM^ 
il^(2 0 2. 204, 206, 208. 210, 21 
2) (2 0 2. 2 0 4, 2 0 6. 

2 0 8, 2 1 0, 2 1 2, 2 1 4, 2 1 6, 2 1 8, 2 
2 0) ^^h^^. m 1 ^iiSf^LSIKliJ (14) (d) 

f^i^n^m^z-M (14) i;iiii^L. ^a5(^sEf*ai^^b 
H^f^;i|sf*fLai2:iif (14) ^mvx^t^^mi^^-^^'P^J^ 

< t 1 oc^AP4^— b (12 0) t{i?'i^e< i: 1 0£D 
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[00 04] t^^(D/jNMYka^&-eJ:3:> tl-Sf^-^fe/i^SiJj^ 
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ilL=S(7?Se3KM:?& 7 ^ 100 — 200^ m(DiE^^ 

W-r -5 ^ ^ ^ V ^ ^ o 
[0 0 0 5] /h®fb^.^f^i"'5S»J<^T>^t3— ^{i, b:^ 

2 S---! 0 0 M m(7?^^ t**^ y — "CjlSSSH^i^fiifi^W 

^{4^5m^*»i (CE) (D^ijffl-rfcofdo CEJ*/h*S^ 

V^^o J. Chromatogr. 2 1 8:2 0 9 (1 
40 981) ;Analyt'ical Chemistr 
y 53:1298 (1981)o »R^6t)i^> if-^)T^ 
V^^T ^ K • -^y^m^^ffijf^^ TcM. mm(DmX 

mv^<D%Mm^\-^mitr'yu y^x<omm\'^. 

:^fhh(0^m^m^<0\^^<-:>^^(D±^fj:PSm:^m^^X 

50 [00 0 6] m^}^. ^^^(Dm^^m^matmm^fj: 
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umn) T-|IJ£$iX-C*5i9. :i<Dm^. mm^^-/^^- 

[0 0 0 7] rtd,(7:>mm^xoxm^S:\^mr^^A!ft& 

{zm-t^^—^U (Beer) (^SS'J 
: A= £ • b • C 

e =^/UK3¥:ff IS. ( 1 /m • c m) 
b=aKS (cm) 
C=SS (m/1) 

it (A) li. A§!6^{cuv/Vi s^^\z.m^^hti^^ 
^ b jShSe^Mco 1 c m(DSSS5-ir7H;i*5tt^ t>o J: 4 0 

[0 0 0 81 r(^S:*c?^^=^ttiPSI^=^#x-'g't>^-c. 

Go r d o n{;::^-r^^@#f^l^5, 0 6 1, 3 6 1# 

<DmWimi¥^i^On^m^t^Mi^f\^X\^^^. Ch e r v 
e t {::^-r^*ll1$llFll5 , 1 4 1 . ' 5 4 8 -^"Cf^i. 

^moxmm^mnir^:^mmm.^f\^xy^^^o ^e^t- 

(Xi^, Analytical Chemi stry 

62:1580 (199 0) 0m) o 
[0 0 0 9] Wa n gld^-t-^^fflit^tf^S, 2 7 3, 

^^xm^S:(omwmS:i!>^nt>fy^^. t5a^OT:7"p- 
^(7)«.>«r t v ^ 5 l^Mo^dc 4r S ^§ L 

[0 0 10] /hM{blc:*f-rsStTr:7^n-^(Dm2(?5± 

v^^v'y;^. (^^— :y) Xt^;^/^:=^<^J: 5?^^— ^ 
{h:>>-^^ (s i o.) mm(Oit^^^tit^^^^^'^^ 
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^ - coaic r b fc/hMfbr^- W A M 

;d5^ibtT.TV>^ m:^it^ Fan^. Ana 1. Che 
m. 66 (1) : 177-- 1,8 4 (1994) ;Man 
z^. Adv. Chrom. 33:1 — 66 (199 
3) ;Harrlson^^ Sens. Actuato 
rs. BIO (2) :107'-'116 (1993) ;M 
anz^^ Trends Anal. Chem. 10 

(5) :144'--149 (1991) ; RXJ^M a n z 
40 Sensors and Actuators B 

(Chemical) Bl (l^-e) :249'-255 

(1 9 9 0) *:#fiS) o 

[0014] ^p°uKig. mm^vf. m^tmRxj^mm^ 

±fiiUmi\:.f)^X^t^\'^fi\iti:hfSi\^\ ^(O^o^^-^iU^ 
^>tFfv^;^T--^ (TAS) (F i 1 1 i p i n i^, (1 
991) J. Biotechnol. 18:153;G 
arn^, (1989) Biotechnol. Bio 
eng. 3 4 : 4 2 3 ; T s h u 1 e n a (1 9 8 8) 
50 Phys. Scr. T23:293;Edmonds 
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(1985) Trends Anal. Chem. 4: 
220;Stinshoff^. (1985) Ana 
1. Chem. 57:114R;Guibault (1 
9 8 3) Anal. Chem Symp. Ser. 1 
7:637;Widmer (1983) Trends 
An a 1 . C h em. 2 : 8) fi. v->*^x 

r;z-TASj tWittTV^So 

[0 0 15] sis. nm¥f^^m\^^^Mi^^bmim^ 

\C^i:>^X^tio iS:^^^'^y^'7y (Widme 
r^, (1984) Int. J. Environ. An 
al.Chem. 18:1). m^Wi^^ u-^h^yy 
(Muller^. (1991) J. High R 
esolut. Chromatogr. 14:174; 
Manz^, (1990) Sensors&Actua 
tors Bl:249;Novotn y^. e d s . 

(1985) Microcolumn Separat 
ions :Co lumns, Ins trumenta t 
ion andAncillary Techniqu 
es (J. Chromatogr. Library, V 
ol. 3 0) ;Kucera, ed. (1 9 8 4)Mi 
cro — Cokumn High Performan 
ce Liquid Chromatography, 
Elsevier, Amsterdam;Scott, 
ed. (1984) Small Bore Liqui 
d Chromatography Columns : 
Their Properties and Use 
s. Siley, NY;Jorgenso n^, (1 9 
83) J. Chromatogr. 255:335;K 
n o x^, (1 9 7 9) J. Chromatogr. 1 
86:405;Tsuda^, (1978) Anal. 
Chem. 50:63 2) Rrj^mMn^^W} (Ma n z 
(1992) J. Chromatogr. 593: 
253;Manz^. TrendsAnal. Che 
m. 10:144;Olefirowicz^. (19 
90) Anal. Chem. 62:1872;Seco 
nd Int'l Symp. High-Perf.C 
apillary Electrophoresis 

(1 9 9 0) J. Chromatogr. 516;Gh 
owsi^. (1990) Anal. Chem. 62: 
2 7 14) ymim^\^^i:>^rtt:.. 

[0 0 16] ^m'm^iMm\t^ ^o:)^nmm:^^^^^^y 

pltgT'fo^ (Ha r r i s o n^. (1 9 9 3) S c i 
ence261 : 895 — 89 7 0m) c 

•9T^*tl.TV>-5 (Effenhauser^. (199 
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4)Sensorsand Actuators B2 

0:103-11 o#RS) 0 -^y ^>'^'¥^h\^nmm^ 

(Harrison^. (1993) Sensors 
and Actuators B10:107— 116 

[0 0 17] iy^)^>x^m'y^y'J^^Vf-^<^\^'^^^ 
tz.^Wim^tmMii'^^-^ LT*5 "0 . r i^^i/J^^^t:{^:»"r 

^ x:i^i/—=:.^^^m^<r>%m^\\±. C 1 a r k^tCl^f 
^%m^^%^. 1 9 4, 1 3 3-1- ; M i u r a^t;::^ 
■r'5*[l#f¥^5, 13 2, 0 1 2-^ ; P a c e Id^i" 
'5*H^*rp^4, 9 0 8, 1 1 2-^ ; XU^S e t h i^ 
20 '5*ia#ffFm4. 89 1, 1 2 0-^Jc|S@^tvT 

[0 0 18] /hMYl^^J'Bfv/^^v'A^lrft^fce^cOi/y ^> 

^iht^f^^(onm^m. yurV^V^yy^-. =^^y^ 

J* Ji^ V ^ b z&^o-r >f a ix- V 

30 [0 0 19] vy ^^^-o-^^r ^ t^'-^v^^— 

r <7)r — ^ V ^^ :i i: ici^ LT 
[0 0 2 0] ^1 v-y =i:xco-^-r:5^n-;ri/— r^ViJ^ 

40 5rt;d5fo^o %2\Z.^ •^^i5^n-^i/-:=iVi/LytS/y 

T*ifeSi^'5r ir^foSo ^ibt-. ^^t:^^4^TT^ v-y 

t^or. ffifflt^/hS{b-&t/v^y v-^-r ^^n-^iy—ri^- 
^Silf >55 ^ ^ii! r ^ ^ Scli ^ 
7t /J^Mf b^:» W ^ 7^ i-^!*-t- 6 S tt3S#-t- ^ <^ 

50 5o 
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[00 2 1] 

[0 0 2 2] /h^|b¥±a;^7^^T'-^^-f ^ 

[0 0 2 3] :^^m<0 ^ h teiS'JcOSiil g Kilsl'^A 
^ -g- V ?t CD 5fic fiS^^ ^ t -t" S 7^^-^ 

10 0 2 41 ^ fe) (cS'J<DBia S m-a:>^ 

x^^h<DX^^o tSox. ^Bm\'X. j:mit^> 

[0 0 2 5] 

(O-^^ ^ u :^ h y 1^ ^^-^miir^::^ t{^X ^ ^bm<)^ 
JfM^tu. ^C0 2oco^^5^as^5^;d5i:v^tc:f^i9at3ie3*v^ 
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[0 0 2 6] :^^m\^Vt^X^bm{ty^y<^ :^^mf&'t^ 

[0 0 2 7] t^*^BlJ^i$ ib(-?fPiPp-+&^:^!|'it:i^w^ 

h^o :L<o^\cm\^x. 7^mm\^^oXj^^^i^^'^-f 
^uy^ hyi^'^^—\t^M(0^^y^:^^^m^i^<:>X'^ 

m^j:(Dh^y)mmM\^^T^^^ hit mm^) ^m-t^ 

20 ^Jts|-^s!!;S^4i#^-t-'5::: ^:d5-c#5o OJ: 5 

[0 0 2 8] *:^P>^(^)55fJO^^T*f^. ^aS«tc::}et:t6 

^^y^yU y^nim(Om^t:'^t^\^'r^ r) X\^fj: < . ^ 
Aj;i*5frt5^W^J5Sc. ^ilsFi^A. m^y^ (P o s t- 

c o 1 umn) RiSXT^^tll^S^DA«fl^^t>#^t-A 
[0 0 2 9] :^%m(Orxi'^^ir\^fcy'y<^ :^(0 

^mu^^<o=^i^y<i^ h^t^ aA. nnm¥Rxj^^m(o 

7^J.O/N- h^r^ :^T(DMm<\::mf^'^^^^l^XAmm^b 
<D->y^T^^^^W. (footprint) ^il^-fS 

[0 0 3 0] :^^m^^i^. m^^my'^<^ :^<r>^\'^mit 
CT. ^^m}t^ g^m<om^nn\^^^^xm^fj:mn^ 

50 5o 
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[0 0 3 1 1 

<7)^®ic-r-^#X*foSo tSoT. ^J^tf. rgfi^l^j 

«i- -5 ? I ffl \^mm(oWi^m^ hfj:^ m^^m m 

[0 0 3 2] ;$:^^§i:^^^WOff*(7)3SH^-*5V^T. ^ 

[0 0 3 31 mm mm} ti> ^r^t^. uv®«tt;eis 

a p t o n {^Wd (DuPont ;Wi Imingt 
on, Delaware) (0,^0 ^ ^ ^ K(^^ 1 M 
t^.^2m<0¥.i mW) (DuPont) tX^X^h 

t\.x\i'^^W&mi^^<oyf^'J ^ ^ Ynmt^^mi^^iy^x 

v) ^ r t t>x^^. 

[0 0 3 41 fflli r^ilSfS^f^ffl^J f^s >J^P^-^;^^ 

\'X&m^^^X'^^ ^ x2i-^^.;u<Dm^^±.\^Mi&^t^^ 

[0 0 3 51 r^m»9fev^i?^j (i. ^t#^^O^^ts^^t^ 
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^^xm^x^^^mm<om\^\t,^ ^^^h^^y^^- 

10 [0 0 3 6] *:P^#IB#r•fflv^ib^^TV^6<i: 5 mm 

[00 3 71 w^^mMM^mmir^mW'nPc(r>mm\:: 
•t^^^t^<Dm^itm^^m\^o\^^x(Dmm^^i)m'^ 

30 ^HSo 

[0 0 3 8] nmffihm^m^^i^'r^m»^n<om^i\:, 
mc^mi.f£\^^^m^^^moxi^kmT^ ^ t :d-x% 

mm^m^Mm^<Dmm^^m]:^t:.h(D^mi.. :z^x 

— h/l^-:^7-^-©^ (cm-g r — s e 

c) (omm^itLXKom^h-^o 

[00 3 91 ^nii^mmm^mmir:^mwp:n<omn^^ 

50 flE<DS^^«lc*)"rstbt-^bv\ rm^^^M^—yy 
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[0 04 0] mm^w^ik-o-zyufi.^^-^^ ^mm<Dm 

BSSrJi^fi!<;i-5±5. f^itsfSaaiEilliiBI "P-a-J^-frTiaB-r 

rT>^7^-ri It. (AC) m^(o ii 0 ^£mm^t:Mc 

' So TT" >'T•■^='-1'/^ (antenna coil)j 

^fE^^ s =j ^' /I'STfti", 

10 04 1] ^ibi^^ tSini&m^mi^mvx2o<Dmiii 

[0 04 2] m^^^m&^i «^ J: 5 ^J:. ik 

^m-r (rrT-*fc«-|*(*i*i|4*!iai2:iii^'S:ai9, ^ur 

ii-^xmm^'S:\1fi>^t\^fii>) c 5t^6<J^W®SS»A, 
-^{-^ f«;iis|-*!!!aiE:H{;:S9L.Tl*J-<^)^ 
tU^S^SV ^ tiSS^H^j ^5 -arrSEB-r 5 ^ 1 1- J; 19 Jgfig 

^)|Ef*a;aiziif<^^$*(-SL^-t-s (^u-c. 
1-5) ^^cWi»©e^4:^^^LT^w-r5r a 

>>^(Oi\-n^^mi^mmfi\t.. PS;£f*^tv/<CV^;i5, UV/ 

V i s (551^/^ta) . i£*^jga. aif^ (R 

I) 5:tJ«7-=!'Va^lf€r-g-tf3t^W<tWS?SSr^oT, 
[0 0 4 3] ;::rT-fflv^P>tvTv^5 J; 5f-> ffl^ 
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[0 0 4 4] :L::.x<r>UPrW^i^<ouv~-siw^wsLi(^^ 

^— /K73ffiIlJ (Beer' s law) t^h^m-^tli) 
Jt^SBSft fbj iSrmU rii,J*A= log (1 ./I 
,) = £ • b • CT??g{St-^$ix5 t<?^•T?^ i:::-CA(± 

«fC (l/m- cm) . Cn^^f^COMS. (m/ 1 ) , 
Xt;=b{4Jfe^SSSfi (cm) T-fc2.. t^oT. ft^S^®^ 

10 i^<7)vv~-sim.^mii/t^iikm&^i:d^\^xp:m>&mm. 
[SCO ^tt (dSii: ^iSi^ o -r 3t ^Sr^si^iajaisiBi 4' t-a 

* (b) *Ke<3t^ ^ii4*aais:iiito^&T-;£iC>?jtv 

[0 0 4 5] r^tij^^j (i, f^i^sf^aglEBiirji^i-S 

5, eSo-C, tL<«^>fflMftt^**:, UV/Vi 

^flt'te t<7? i:«^6^fifejSfet v^ofci^sa•a■■^t. XfiH^fflcOiS 

■r;ii;eiST?#S m:ti-£^ Beckers^, (19 8. 
8) J. Chromatogr. 452:591~60 
0 ; B r o wn 1 e e {C*J-rS>|5Hil$^tf|l4, 9 2 7. 

2 6 5 ^^m) o 

30 [0 0 4 6 ] r r-Cfflv^P,i^TV^SJ; 5»-s r^3fe^ 

mm ^it77^^<-i . ry7^^<-^mmmi x»* 
. mi'^wm-t. H i r s c h f e 1 d icM-t^^mmm 

4. 577, 109-^. Kane iZjttT^^mWtf-^ 
4, 785, 814-^, RXJ^B 1 a y 1 o c k {d^tffS 
50 *H#I^04, 8 4 2, 7 8 3-§-»Ciai'''ttl1-i.i:;i5T'# 
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[0 0 4 71 :^^m<omm\^i6\^^xu—^mmm^m 

[0 0 4 8] mm r-r^^ar^^;^>^h^Sj f^. 
«Fft<f attojpt^/cC-^-r i^uTv^;^:yh ^^m-r^iSiM 

mcommR^m^xox. :^^j^y'^<'^:^\m^\^x^ 

mm^mm^nti^xmmi.fzm^'K. s^*t-gP:a^M 
[0 0 4 9] mm mn^m\ ^^fsfi'co/hscosa 

[0 0 5 0] r<7?.^ktc:gibT. ^^n-^Y^yy-^—\ 

[0 0 5 1 ] m%^m^^\ j^nm. mhrnm^mir^ 




^^mW-S-Z 3 4 5 0 5 



mt^'^m^fy^^m^W-m^mt^^. (^y r y ywr ^ 

[0 0 5 2] m^^n-^h^yy^—i^s ^m\-^. ® 

mm^^^j^m^^^-rhi^yy^-b^mm. mmtf^m 
m-r ^^m^ y iK no assi) ch 

roma tograph i a 2 4 : 2435 ;Knox 
10 (1991)Chromatographia3 
2:317). RXJ^X^/l^mn^^mmi (T e r a b e 
(1985) Anal. Che m. 57 :834~ 
8 4 1) ^^^ir:^, 

[00 5 3] mm mm:tj] m^^vf\^^\^^x:^y 

[0 0 5 4] fflf& r^s^a (i. ^^gf*. ^ilsftStt 

=3ev'/P:5^J:±:*/U4<Vg^S) --^<7)ilJRgi55)' (mo i e t i 

e s) (D^mf^^. mK^<r>^ts^\^m<Dm\i\^j:.^ 

[0 0 5 5] fflfg ri^— if^gijj 

mK.\t. Fa. ArF. KrCK Kr 

F. xt^x e c 1 co^J^-f :7"-efeo-c<J:v\ 
[0 0 5 6] -^{ci. uvKiixtt-efcsSKJ*irttti|$ 

40 oT. m^^MzM^^\>-r>'^>(^'^y^Vy^^^ — 
if^^m<o-rx^ if^')'-r—-X\t^y%^y^^^^(0^b 

fm^fi:mm.}L\^') v^yy ^-m-^y^^^^^x^. ^ 
VNT^coy y^yy-^—m'^y^^x^m^f\^x\*^fi:\i^m 
tSffl^^ I— f-*^T* i^-if ^S'J-r 6 r ir t:: J: ?f^^"e# 

So 

[00 5 7] tf^S'jT'fi. M^'?/^;^<^5fi;^?S^^Jt 

;5St>^J|S^cOSfV^^ffi@^^:^O^S;^^^b*1Jl Mm7fe?Kco$5ffl 
^9*^1 0 0m J (^yv^^— /W) 4:±[llStjCD-e. ^-^/i- 

50 ynm^f^m^\ iif^^'omy^\ m?DC^^{*TT% 3S 
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[00 5 8] ;i^r'(i. V— t^*^NlJ^i^^v'•^— 1/— i^* 

iK^RTHglCi-S 1 5 0'-'4 0 0 n mOlEfflJclASo ^ 'b 

'^mms:m\'^^^mxm.m^fhx\^^^o zno t i n 

s , T. A. Laser FocusElectr 

o Optics, (1987). pp. 54--70;S 

cha n t zmiz.M'T^^mmm^, 291, 226 

^RXfm 5 . 3 0 5. 0 1 5 -§-0 

[0 0 5 91 fflM mm^M} -^m<Dmm\.tczf 

'5/c:i^>=.:y>SryKDJ:5*^Jlt? (SMfifeCi ^ ^ J: 5 t-) 

<fc < ^ tbT V ^ -5 #t w^?^s««rte o Tig ^ /.f ^ y - 

[0 0 6 1 1 fflf& r L I G A*3;SJ f*. i^V^ h 1:2 V 

^^-r-^u^^Lx^^mm^i^'t(o\m\^^^o l i g 




1*11^8 - 3 3 4 5 0 5 



[0 0 6 2] ^V^T. -^(T^-jJcMSJ-m^ft^ST^JS^ 

^mm^t^xRt>^r.d^<Dmmm,ms.tLm(ow0^Km 

Becker, E. W. , ^\^^^M i c r o e 1 e 
10 ctric Engineering (1986) 4: 
3 5 — 5 6^c:|5«$^^TV^S, LIGAM^^^^oTM 

-efc'S^^o^y StR£?:)iaiz&ft. rcon temp 

orary Polymer ChemistryJ, 
Allcock, H. R. and Lampe, F. 
W. (Prentice-Hall. Inc.) Ne 
w Jersey (1981) i;lav^t^i-r t 

[0 0 6 3] mm'oi Xf^ riis^6^jlc:j -^(DUk^ 

-TASJ ti. r-^-t^Tjf— h;5S7='^-^'^';^Jit-^oTt> 

30 

[0 0 6 41 fi^oT. iSS ?JtStRICl/-f-'^ 

nm^^o xn 5 ^ - t a s ^r-g-t? /hM{b;^7 ^ J^'fy<^ 

::^<Di'fmmT^o -^tc. ^mf&mmm^m^x:$i?^m 

[0 0 6 5] nn^m^m. mx^m. 

iKmmmf$.\^x^^^\ m^^mi^^i/ (yag) 

50 [0 0 6 6] :^%m<Dmm\Z.:^S^,^X. $?4LV>Sffif^, 




17 



Du P o n tftib^h^mKa p t o nXf^Up ilex 
^ K. ^V^—y^yK 7^V:tuy^>, X\-^t(Dm^ 

[0 0 6 7] 7^s:^pJ^^:^^v^, ji^tku-^— WJN-t^i^— t^* 

[0 0 6 8] ^bSV^f^, T^-^^-Y— >^-^;^— 

55- ^ H V ^ r # lb ^ $ tb ^ Jisf ^ S ^ ^ /I- ^ ^ JC> X J: 
to 0 6 9] v-ih*^BiJv-;=^-r^ 

[0 0 7 0] u—fm^u-^s j£$5iac^?i?ibt^fe<7?/hstfb 

tt ( - 0 X. <b tu ^ ^ * ^ nVi- ;^ ^ ^ ^ 7" I c ^ ^ X. T 
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[00 7 1 ] ^P^t^if * LV^*ffi^?iJ•T?^^. ^R(^>^B^ 

n^'f'^^^^}^. m^^m^mmi.xjL\t^m^mx\f 

[0 0 7 2] if^S'Jxmo^Ji^ 

[0 0 7 3] JEfa55^WT^^M;^05>i?(-yi:J:>SAt-JiS 

:p^<D^'&^%mmn.^wm\^n^'^x^^f\^x\i^^. - 

Lfcg«4(c:?|^j5Si-r'5o £tS4ti. -/Kt-. -^rix^^ne 
i 8 X^ ^H-S ^ 1 ^t;^^ 2 c7?|IS±3p^7fe^f^^ES^- 

[0 0 7 4 J ;*:B5g(^#^^:ffi«?iJx^^. /hMfl::;^?^^ 
^X>. *:^P^£^ll^fe^^::}^V^T. Ve s p e 1 

40 [0 0 7 5] :i<DM.\Z.m\.X. ^y-r5:Kt^. 

mxh^^i tt^^t^ox\^^^ ^ ^"^-^^ w.\^i>^\^x^^Am 

S^COS (groups) ^it^m^'^'^^^^^tf}^ 
50 ffiffb>>--r^^^itil^ TKy-e— 
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mm^M-r^::^n^(om^x^^m^mm (pH9-i 

[0 0 7 6] m 1 '-ia3(c:#fi3$tL^<t S 

^/uiot*. ^R. » :gLxi^(om^^t^^^ 
[0 0 7 7] m^. mi tmA lt. :^y<—wi i 

[0 0 7 9] 1 --[^ 4 UT . 1 2 $ 

tmmm^Tjkir, ::i(D;s<\^mi^x. miry^^f-^—it^ 
(Dm 1 1 6 T*K<st^^[SH 1 4 1 ii ^:.x^^%mJ)^ h 

omiM^i 6:^^hmx)^x^(Dm2Mii^2 o*-eiiia-r 
[0 0 8 0] ^mi-m4 ur . sts 4 1 j^t? 

2 4 (if^^sj-jft^Eiiio^ 1 1 6 i5 < xmrn-t^o 2 

^co^\l(Dry<^^—2 6RXJ^2 s^:^y<—Ul 2lc:{^>? 




4f@|5p8- 3 3 4 5 0 5 



(^H^'tv 3 0 3 2 T*^^) i-a^-r 5 J: 5 saBt- 

>'^;?;5^^;^./U2 4t;i^AbT 2 4 O^JSfeT** 

V\ :L<D^o\^mf&\^t:i^ny"'7^}:^. ^feV^T^ AP^ 

-M 8s^:/^bT^^s^*[La(H:iiJl 4(omiMt&i 6\c^ 
10 ^/u2 4^m\^x^^fii]im:m.m(o^^m'r^t\^xKim 

AUTctV^ 

[0 0 8 1] /M-^'^^^-r^^'^s 4S.i;5r/'^^-^— 2 6 

t2S{^^^m^ fj:^nmA^m^^^^m\^^^<:>x:^ h 

JV-^m^-y^^tX. iff*. ^Pc<D^^])—:^—^<— 

^m\^x^^^mrt^ti^^x^^o :^^num^m^\tm 

:^1^§i5(?:)iEl=S.t/^ffai^AP4<— h 1 SS-U^T^-^^-y — 
2 6 t 2 8 ;=?.bT. 
^/^;^^^^/U2 4;d^b^gPSa^t-^ftU. *V^T*-=e^:el=* 
^•^£?:>?«ffl^W^tT5 7'ci?)^<^^J|sf<£rAP4^'-b 18^ 

PcXi¥oXX.\^\ 

[0 0 8 2] seox. :2|s:^|g^^||^i^-*5v^r. 

40 m.l3yJ^'fy<^:^\^. ADffi^As «fc<*:;^^6^^^AXti# 

EffijaaA^-g-tftt^sr <?:)aAffi^®ffl-r s - 1 ^^-^m, t 

A^^ i v—if ^HiJT^^^-t ^(^^^^-g^it^g-g^t^i J: o 

^^mx^hnx^^^{&<Dm^'^J^Wm^\'th:i\^h-^ 
^\t^ {{fecD^^co^Jf£raA*St/«f*^-i'>'^:7zc-;^ 

50 [0 0 8 3] */c. ;^?§P^^;l^^v^. ^iisf^tiLSEiij i 4 o 
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4rAP^— h 1 8 (bttiP^— h2 2 t ic-f V:^ :7:ji— ;^ 

[0 0 8 41 :^^m<Oht'X^4^^<t:^^^<omm^^]) 

(RI) l^Uffi^ffiV^^r ^;05pItBi:?JtSo r<^^{-H 
LT. 4fy-f^K;$5 riSl^j (gp^>. ^J^y-T^K 

^mm-t^) JSSCO (^Jx.tf. >5 0 0 nm<D) ^gfettM 
SrSJcM-r-SKiti— K<^^(if*. ^'7M.'f'^< 

^jn-^sis:® 1 4 (Dm 1 1 6 (o^m^Tm^^m-t 

-So i:'9i¥Jf^J^J^. r>-^^^-3 4Ji. ftJlsf^Sl^lii 1 
4 tS*&^-lt-5yhJ?)S«4^iMbT^MbTJ:v\ 
-r-Sr^-?^-^ — 3 6 tf^^{c::>^/-<— «1 2jc:?[^j*U. 
/^-tg S^K {-at ^i" # I- -^^^^ ^ -''^^ ^ - 

[0 0 8 61 mS^^mi^X, :^flc^4 2T*^^Ufci? 

T^^) ^^-To ^IffiS^V- h3 8^ 

;irx*;^7^^-:Kl 2;55StrlE^lSP>gv--hi:S« 

[0 0 8 7] ht^s ^ttlT/'^5=--r-3 4 i 




4#ra^8- 3 3 4 5 0 5 



[0 0 8 8l?^oT. JiifiCO^#6l3eiW#S4 2T*f^. 

{d. 0iJ^(^. S=E4<!:;<;/<-4Rl 2 i:;65^S«tt(^xKy 
^ ^ Kco^Sr^tf^y^ ^ WiiSF-eJI^^^^tb^t^f^. 

tf[iE(^S«ffl*^V>T?i5^$H7t^;^--:y/Ka p t o 
n mm) f^^nm^XWtiii^^h^^t:^^^:^^oX\^^ 

[0 0 8 9] mmm&<omm^mx.^McMx^mf>^x^ 

'5tv>5-i:(*. UV/V i s. @Sr^ (RI) 

-5 y ^ <b -r >- :7 — ^ -eSi^-e # s ;i t t;i 

[0 0 9 0] ^^\cmmx^^^^\^. M^t 
^^^m\^^^^t\^^ox. :^^m\^xy)m^^inrc^\^ 

i&4 t:^^<-mi 2<Dm'^m\^mm±^i^<. 2 5 0n 

[0 0 9 1 ] m 6 UT. T^^^^—S 4 t 

3 6t;ii;oT. K)|S|-^3SI2:M 1 4 (D^^aSV^^||;^2^^t±l^ 

^4 2 ^£^2^II^T-|S:^^tb, :::rT*-^co^af*Sffi4 
30 t:^^<—^i2<Dm'^m^^M-f-^o cc^:*^ftT% ^J|£^ 

M3SEai 4^iiii-rs^j|sf:7^7^t^^ ^mmm^^^f 

:6Km^m(omM^^oX^(D':fy^:i>^BW^t\^^t 
[0 0 9 2] S6-:>T. ;^%eg{o:*5VNT. 2 5 0 m m$:S 

m^±\^^w^m7tf)^i^-'fmm^i:^^fzi'^my='^<'^ y^(Dm 

5 6SUJ5 8T*^/i^*ixfcmi5.T^^2<D^«±5pia/^ 
Mf^*SSr*-r5S«5 4^^ib^5o Sffi5 4ti. »1 
¥*a^ffi 5 6 ic: l^— if -gJ^iJ $ ttfcm 1 n ^ -v-^l^yw 

6 0 tm2^m^m5 s\z.u—'^mni^i^fzm2'^4^ 

[0 0 9 3] m7tms<D/hmit:^y'^7'y<-f:^\'i^h 
50 ic:, ^i^•^^^6 4S:rJ^6 6-C^7i^^tuyc:|glSO^||2;^ 
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[009 4] Ii]D<ll7 t|gl8«r#raU-C. ft^cOT^^ 

teici, s 1 Rxj^m 2 w-m^m se t5st i^Lm^-t^^ 

*ffi7 4^»2-s->r ^n^^;t.yU6 2 1 pl^iffi 7 6 {d 
[0 0 9 5] ^h\^. mi;^>^-<-«6 4^;llx-1^*^NIJ^ 

}^—^mw]^ruf^m2ry<^^—7o\^^<>x^ m2^ 
mm^f\^^^b\^. mxry<^^-e^ Bt^Kur^-vt 

LT^tPtL, ;&^om2T/-?^-Y-7 0;65tHP:f}f-h^b 
Xm^f\.^t^. miRV^m2-^^ ^x:r=^^:^/U6 OR 
XJ^6 2(0^-&Stc:fp^oTte3Si-^?tt^^*-r6/hMfl:::& 

[0096] m7 tms \:i7jkir:^^m<omMmi^^^^ 

Th^m7^y<-f ^\^^>'^y^—^x^UX^. ^/c, 
T^/xt*^2r^'«^-y— 6 8 <i: 7 otc-Y v^p^^— 

[0 0 9 7] J!jDx.T. «>^r(^;BIW^^t^^|S^JS«HJt;i^ 

^tr^^^tb^a ^o.'S:i-MUT. ® 1 Ty'?=^-y-7 8 
' >£rSl;^;-^^— ;K6 4(ri^-f-*^N'Jb. m2T^-^^^-8 
0^m2:^y<—i^6 6\:Lmm\^MJ$.\^X. S 
ffiS 4:65^1 S:U^m2;^>''<-«tDP^^:li^:/^V ry^^ti. 
-5 ^ # 1 SLT>*m 2 T/-?^^ -T;a5 =1 V h 7 

^T^<^^ — 7 8 i: 8 0 t €r^br/hS{b:;*7^{-g^j^ 

m^mm't^m$^n<om^t^<oikm^^^M\::-x^ s r 

[0 0 9 8] W—if^^'J 1^/^=^ Vi^i/ 7 

m'r^^^^^j:^n':fy^<om^^B^l^^J:^^X\ im 
^m^X^^t\^^O^tfXh^o (117. lil8S.t>*Ell 1 

rzmiRxj^m2mmi^-h\t. mi:^y<-me 

2:^y<—^6 6:^m2mm^>— h i:^2^ta^S5 8 t 




3 4 5 0 5 
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h 8 2 ^ 8 4fi. (^;*--^» . MmiyV:^. 

^^^^>^h\ ■^yr^TRX/^(om<DXo^J:m^^J:U 

7 8 t 8 0 t Sr®V^;^l^oiy— /i^-e^ ^yt*tj-(D^E 
mi:i>tL'^Xi'^^XX<^ X\'^ttih<Di^—h\t:^yM. 

10 m't:itf>^'^mtfj:^o 

[0 0 9 9] Ell l^c§^)cJ:<^$^^TV^'5J:5^-. ^ 

-So ^^t-^J^^ei^-ScJ: 3t^«^aiSK« 8 6 fi. 

5 4a:>m^\^^oXmW:^^^^9^^hfl^ ;6^o, «^oT. 

iii^i--5^^S^^ft:<^^af*. UV/V i s. 

tJf^ (RI) . ^-^VSiU^Sfao55^*5tS<taife^£r{£o 

[0100] i^K^ ms tmi 0 bx. ^i^mit:^ 

30 ^^H^o ^:cr>i5^-^ >^i^^i^://i-^cCS1S8 8Ji 3o 

^f^^ffi5 6' S.t;^5 8' ^£rW-r^::^^i=^a5$J'8 8 B. 

2:^7y<-;KgI555'8 8C. ^^bfflf^^tvSo miSLU^^2 

^SrJ^Oo ^1 Sa5^>8 8 Ai:;^^AgI55J'8 8 Bi 

Ji. ^>/«e< ^fc locoSfft»f#©9 0X:|E:^??ttr*5 

-^cOiS:^. ^l;^/<— «gl5:»fi;«7 7A|H555'8 8BC0 
IIK6^j(c^Jfi/<^^l^E5 6' <D±\c^M^{:itff^mi^h 
40 rir;i5-e^5o l^^^t-. m2;^.'<-tSgp^5'8 8Ct;^;7 
J>.i^^S 8Bt}^. ^?fe< lOCDgffttf#S9 2-e 

aS^J-S 8Bcr)||2CC>|IK6^f;i^p±i/rf:^ffi5 8' <D±\Z?§: 

Mii^^^Mt3^^:it:^^x^ m^ii-^i^^^Mmmx 
mm^ntL^txm^^iL'fz^^'^^ stg^iiUTas^^iiss 
:Km<Dm^x\'^Ty<^^s hv< \t.-^(om(7:>^^ixm}^ 

50 Ji?. 7^:ftJg:5lf*^^c^iE^I-ftioTi»# (t^-i^) 
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6' t5 8' t\^\^^ir^m^^'r^:^yJ^^^s SB 

>:^u^-^^/u6 2' (omimmcmm^'^xm-cDmm 

m^ssc{cu—'^m^l^titifH2Ty<^^ — 7 0' (^1 
J:->r. ^2-v^:J^nf^.-t^-/^6 2' cDjiSi*:^!*;^^^ 

l0103]EI9iIillO <Dv'^<-( :^ 3ltR6^){r. 
^7 2' {:iiEm\^Ty^ ?^>^h't^t^. SV^^c:*#6^ 

[0 10 4] :^^m(D^ ^\::m(ommmmx\t. tf 

^h^Sti. /bm<\::^yJ>^y'y<-(y^5 2' iz.^^-fhth 

(S7j^b?iv^) :7i/:ariy://U'StS8 8(7>;^7^jUg|5 
^8 8 B imiS:T>'m2:^^-^-^g|F|5^. ^n^*tl8 8A 




^m^8~ 3 3 4 5 0 5 



[0 10 51 i^v ^>x\'^r.mit^^mu$^&.^(Dmm 

^i^v^:^^ My'y<^ >^ *r«-ffi<^jJ^ y SIJ^:^ y^^:y^ 

mmxm^^Lxxm^o)4^mimn^^^->:^TJ^^m^ 

^^:iti)^^mtfj:^o :i<Dm^m\^x^ (ii[^5 — 2 

0 0 //mO®ia(^) -^-Y^n^-^tf^y— ^^-^.t Im 

20 ^ y-f1^^^fc:7^/•<>r;^^^llS^^*lIx^*px?:^v^T^ » 

^:^xnm b# s ^mm(Dmmm\\ m'^f\^^^t\^f^ 
[0 10 6] *^p^c?:>|l^£Jr:^^v^-c. mm^=-iy v^vp^ 

-5 J: o T/J^Sf b;^ 7 A-r^^-^-T :^ ^Mf& bT J: v ^, 

roAid&abT. ^y>r^ ^yr^ k. ^^y^^^r- 

7^^<^ y. $r u-f^^^ij-r S r t ^ tLS i: CI 5 

^-t ^m^^ f-^^Efei- 5 o Id u — tf ^ wmm f)^h\.<nh 

1 GA*Q;S^^orllJ£bTJ:<. rtv(c:J:oT. /hM 

40 ^oT:^a^jgbT.tv\ i;'9f¥*St-f^^ ft 
c^)<t 5^cf:W3isf. ;^Ky ;:^7-4^^-h. 4^y (^^f^uv-T^ 

K) ^r-^tfJJ^y ^— ^y-r^K (Mx-t±\ Kap 
t o n (mm) Sr>*U p i 1 e X (^^) ) . AB StK 

y^-. K e 1 -F=i.if y , 7}fy (;^^/^-/^?^^ 

yu-b) , .i^y (;^^i->— y^^v^rnv) rnT^y-e 

— , 4^y (7^ :7/^;<^c:7:3lf^l/V) , T^y 
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[0107] JbaiOS=K60^S(c:*5ft5-^-< ^ n^-lr^- 
enconfiguration) «9 , ^^O-^^ 

[0 10 8] ;^|Eu— t^*^8iJ^S^t-^bJ^^?fe=^ V 

asiPD^T^-r 7< V h \^xn^^^tm-w^^t^\p\^^^ti 
[ o 1 0 9 ] iskt^m 1 2 LT. ^n<omn^^m 

/J^§^^t;:^ ^ A^ft:«r 10 2 -e^^t* /hMfk:* ^ a i 
0 2 i o eSU^i 0 ST-^^ixyh^l S. 
xf^m 2 <Di?^i|^5)^^#i-^S:HF«s: 10 4 ^::,t\^ 

nv<kyx'omfh^^^o\^-^\^^^^^^^x^^x^ 

\^^xmM^ti^h(Dx\'^^j:\^\ 
[0 1 10] miRu^m2<Dmm^^s^io6Rxj^io8 

\t,m^. ^tl^thl 1 ORXll 1 2-C^^^tv/cftK^I^ 

^:^^/l-<Dy<^ — >'l 1 4^^l¥±firt^ffil 1 OlCU— 
if^BiJL. ||2-r^^ n^-r^^/w-^^ — >-! 1 6 4:^2 

^ifiF^^si 1 2\zu—'^mw\ir^, bs 




il^ggipS- 3 3 4 5 0 5 



^Sr^x:^ J; 0 1 0 4 \^mi-r^o 

[0111] la 1 3 i: 0 1 4 Sr#ra bX. » 1 S 

U^||2"r^ ^ n^^^yW'?^?' — VI 14^11 6X^^ 
ib^^'5^5:V^?^:;5>e>j5£^K^i6l•^^LilI2^i^ 1 1 8J*. ^IS. 
U^m2(0^^it^5i^l 0 6 t 1 0 S^SV^ir^-g-^trffib 

10 ^ (D^»T*J^*acog^^^Jc7)ft:ffi J: ^ J: 5 ?ie*PBE^ttS 

IkXfm^^^ — 1 AlSLXfl 16^ 

i^^m^¥\mi^m^^-t^V:.Pt^WZM^^^X^:^^m 
^ ;?)5-et S J: 5 (-"T ^ - i: "^fe 

[0 112] 5&P>^*^^ ^^-^f^bV^^*fe^?^J{C*3V^■C. ^l* 
20 it*. KJ (Mm) i^^^^i^DuPon 

foSo :::co^^*T% ^iSiU^^2cDil^if5^55'i 0 65Lt^ 
^ mm OKa p t on (^^) (Di^Pt twiy:.i\L^^ 

[0 113] ?fei:iiiii 2-^1111 4^^m\^x^m'r^ 

30 i:. /hMft:JS7^^7^'^'^-f >^ 1 0 2ti, Kil^gP 
^f£^*lR^^J^ (^;^b^feV^) ^Kiei-^itSlSiij 1 1 8 CiiS 

4\^u-'fmm\^xx<^ ^(om^. ttFiar^-^^-^-t* 

12 0J*. mi<omm^^i 0 6\^u—^mi^t\^x^ 
<. ^\.xmw.(Dmi^^ ^^"f--^^^^^ 1 4(DBi* 

40 ^12 2\Z.^M^'t^o mm\^. WP4^-M2 4Ji. ^ 
1 -^^i^ D^i-^/H 1 4C0^2 5l^iSl 2 6 tc:ig|&1~ 

So 

[0114] ^m^^fi^^ <fc 5 t-. ^StS^ifSl-MST''''^^ 
;^t*. n^-r^/^-l 1 4 0^1*iSSl 2 2;ei^t){* 

•u^T-^co|l2*ffii 2 6\z.m^mn^'hfi^xw^^\^x 

<i:V\ ^colS^Tt*. AP4^— h 1 2 O^ilLTBiiib 

^ n^-Y^>/Wl 1 4 i: 1 1 6 t<OTy^ 
50 ;^ V h>£rLrftSiU?tf^J}sf*Q;SlE:iijl 1 S^'^iiil^ 
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[ 0 1 1 5 ] AP M 2 0 1^. S-^? a:^^^mi^RX)^ 
/X\^^nmA^^fiK 1 o 2 i 

A. m^ti^^^^AXl-^^^WiM^ (e 1 e c t r o k 
i n e t i c) jiA^f ::^^XA^S-g-i-So 
' [0 116] mi2 tmi 3|c:#Ra$tb6J: 5 

/hSiffc:;^? ^ AT^^'-^-f ;^ 1 o 2 f*. ^hl^. ^Wt^ i 
\at. mr^^^-r— 1 2 8f^. tirlB<^ll 1 cDii^^5)- 

1 0 6tc:§]gij$tT.. ^<:om2 7|^ffil 2 6^^:5av^^-e^l 
-r^ 1 4ic:51^&-rSo m2r/'^^'^— 1 
3 ohiiim<Dm2(o^m^^S^i o 8(;ip^{;i?i^^^tvT 

<o 4^ ^ a i§ -r -5 ^ ^ ^ fit ^ It ^ ta b T .fc 

[0 117] ;$:^?^<7?^ibt-^5'Jcoi?^bV^^Jfe^?iJT't*. 

ro^tr^ur. miRrj^m2Ty<i'^-i 2 8 
1 1 8 ^mjiSL-r^ 1 1 1-. 104 c^s ics^-rs 

^S^t^;5^ofli(llS^l&t/^2r^<^^-l 2 8S:U^1 3 
o^mo^t\^X^. ^JN-ifLSEiiJ 1 1 8^iliMi-^^ 

-thz^tni^x^^o ntimmiRxj^^ 

2 (Dmm^^^ 10 6 St/ 10 8 co^-g-ZSt:: ct o -C^Kfi^ 
{;:i^26 6)nr<i:v\ r(7?:*-&r*. 2 5 0 ^ m7t^?a(7>^^ 
t^taSSSSti. 1 2 5 Mm(7>7Ky :7^/PAtc/hM{ki 

[0 118] ^n(;i/^:;c-c. ^p>^i;i<t'9. tii^K^Aii^ 




i^m^s - 3 3 4 5 0 5 



10 T<tV^ 

[0 1 19] :^c^|gojl^E^:l*5V^r. $bl-«0*ti.T 

20 [012 0] mi 5 ^1^1 6|c#fi^^tb^J:5 

t*. ^^*:6^ji^il 5 0-C^^^^^T4B^9. :7 
SI 5 2l^?i^^S;$ixTv>6o ^<D;«7^i.-7^>'<>r^f*. ^ 
1 5 4S.0^1 5 6T*^^tT.fc:||1^0^m2cD^ 

#/rfi. iss&u^ie 

[0 12 11 «j*gi5p^p<OfS?e/cCr^-^;^ Vhf^. 

15 4^^2 CD*fls:H^5^ 156 (^±lClfi;Jar t^f 

< io(^tffttJf^^^*-t-S:7i^:3E^v-://i-S«l 5 
2 K^^mit:^ ^ M.'fy^^ ^ ^?f^)5£i-^ :ztKX^ mm L- 
TJ:v\ SfttJf^Sl 80t^. S«l 5 2(crfl[ii^i^fc 

x^ ^ x^mm^m^^^xmwiL'tim i^ti :;zm<om^ 
[0 12 2] ^tit-;SCT. ;*:^0^<7)SM^^;l*5v^-c. Sf 

0«-*fls¥:«^l 5 4S.Z^1 5 6*5:v^^Ct:>'v^r^9f'9tt 
;ei-otuiE<7)m 1 St^^ 2 O^ilf^^S 15 8 &t)« 1 6 

50 [0 12 3] ^ib{;itt0^nxv>^:i^ti. u-^mwi 
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5 4St^i 5 6{cis:tj'-c<t<. ;i 

[0l24]EIl5^I^i 6l;i#RS^HS J: 5 t-. *^ 

(Dm^m-^Xtti^m 1 Rrim 2 1 

6 4,16 6RX)^1 6 8T*^$;^b^c. ^^col?® 
^Srj|a^i:^:}tfls:0*:f*:^5>l 5 4tr?i^^bri;V\ ^ 
fc. 7 0, 17 2RXJ^1 7 AXm^tuf^. ^^<0 

^m±f>m'^.'^x:s.\^^\c{^^^oXTy-f ^ h 

??@1 6 4;6S[U]?R51 7 0 6 6 

:aS[iflgiSl 7 2 ^iffi^^-g-vx ^LT^^l 6 8;65[U]ifpi 7 

1 5 4S.i;!l 5 6tOP^5S;5)^OiE^g/<eT^^;^^^ h^^^'STsg 

y^Vy^^-r-\ 6 2(r^-.T|5fi^$;h.fc^^#m«5t 

[0 12 6] *?g*ffl#^^i6^iil^a^S4:t>o^^#(- 

[0 1 2 71 mi 7Ji. /z -TASc^-^iSM^rSil^i- 
1 0 0 05>-^-a:%S;t5) :^^V^^^^tf. ffilcO^R 
[0 12 8] -m^. /i-TAS 2 0 OJ^, ±{;if¥aiU 




l^fM^S- 3 3 4 5 0 5 



m 1 <ow-mimm^'>fii < i 1 2 o(D^j|sf^ft®^ ( 2 

0 2-'2 1 2^1)^2 1 4'-'2 2 0) 

W^^\^tzT^^:^if^-Y (2 2 2-2 3 2) 

(2 3 4-2 4 0) «r^-t-§S«^£rK:J^5:: ti-J:or 
1«^-r-5r <t:d5x^tSo ^i|sF«fSSScO<g^l?^ (2 0 2- 

2 12) i:W^^t®«^c*^^£;■t-sl5^iis^st(9fiiv^as(D^g 

^1?^ (2 1 4-2 2 0) <i: ^^-r S^^Sf^QiSEllft*. 

^ff. I^l-(gl4#ra) o 

[0129] &5V^^i, /2 -TAS 2 0 Of*. W-^fii^ 
^B«rt)Omi^tJ^m2CDM^^5>#b. ^co^lfiiU^ 
m 2 (T>^m<r>t\mM\^'Mii < i t> 2 o(7)^^sfg^{>^^«i 

(2 0 2 — 2 1 2X0^2 1 4 — 2 2 0) ^^-f^-^-T^ 

-f-**flfgiU/cri^ir;^^— b (2 2 2-2 3 2) ir^tO 
(2 3 4-2 4 0) ^r*i-'5Sffi^£rS:JtSr irlcJ: 

oT<g^brj:i/\ ^^.^^(DmwLmm (202 — 21 

n (214 — 220) i:^#i-5^J|sf^Sl^lllti. 
[0 13 0] •^h\Z.%\\<omMmX\^. //-TAS200 

liisillli 0(ci#fi^*tT.ScJ:5(^. Jiotuyhsoo 

P^«g/c(r®«. Epib. ^lXl5M2(0|IMfi1)lc3FS/^»foJ 

y<—m.%^ ^ ^-t s (Dyu^ i^y/i^m^ ^ ^ 6 ^ 

30 0CD^i|Sf^{tM*fi (2 0 2-2 1 2 RXJ^ 214-22 

:^yM.^^<Dmi\^Mm^i^—^mi\^x^\^\ 

T% mmfttf^^cotr^T*^l;<;^'^-*Ka555^;&5;^;^ 

tff^i^\f^^t\^xox^n^mj^m^m^'r^o 

V^^^. ^J^n^ < ^ t 2 -^(Dt^nm'^mi^ (2 0 2-2 1 2 
S.t>*2 1 4 — 2 2 0) Sr^i-^-^-f ^ n^^j^/Ut^l^^ 

40 m itffW^^cD t ^^xy i^^''^^^^mmt:9r^ ft 
ff. :*7Aa5>(^^i^Jta^E^|gi;^^<-;K95^0f^ 

* [0131] -/Kt-. ^i|Sf«ESS<^?«)5fe^m (2 0 2-2 

12) 7b^mfS,^ti^'^'<^^'^^^-^^<^^nmi¥mm 

fixx<s :d^-o^<7:>^^^^/m\tm^<DTy^^i^ h\tx 

50 i1^hi%XX^\ ^J|S^St^9S^V^ai(??l«^M^g (2 14-2 
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2 0) ii^m^^t\^^^'<^^'^^^-^^<^^^^i'^^^ 

TV^-5M -TASf^iST^^^^ hit (Hp-^. -x-^^n;:^ 
|.^^^^„cr)^^;jSj|,g^i9;;f^^V>T;^^:?' hit) Srt 

[0 13 2] mi 7Km^\^fc^0\^. M-TAS 2 0 
Of^. ^JiefgESS^^^ ( 2 0 2 - 2 1 2 ) <^:Ki|s^•S^'9&v^ 

(214 — 220) ti:^KKmir^mm\^tiMEm 

-efe'So ilS^^^t^. «IW^^2 3 2-2 4 O^n^M^ 

[oi3 3]^n;^r. mi 7 i^iTr^-rmm^^^T^-^:^^^ 

(2 2 2 — 2 3 2) fi. ^)|SfS^gS^^{;i»oTBam 
t*^o rcc>Ti7ir;^:^^— btci: , m-TAS(c:J:5^ 

-TAS{c:^-g^bri:V\ fj^oT. T^-ir 
[0 1 3 41 mi 7>£r4#{:^#mbT. rci-effi^^tt/c 

M-TAS200J^, ^1^3tSfSti9fi^V^il#2 1 4 
Jlsf^J^A'C^'S^lT^-k^^^K-h 2 2 2^^^-r^o 

^(Dum-^. *:t^^lcfelS^b?^^v^T*^lr^■fe^4^-^ 
2 2 2m^xnnm^f&6^^iM:mM:^x mm^ 

tc. m h 2 2 2 >^:^|Ff50:7"U':^7 

[0 13 5] -HiE^iiTft. KJ|4®i»9SSiV>il^2 1 4t* 
4 5 — 6 0 M mCD^gbaT|-?i<SrtOo i?*b<f^. I^R 




i|$p^5p8-3 3 4 5 0 5 



TiSx2^:;K^ JL\t,^<Dm(Oi:ommt^hY^oX^\^\ 

\\m%mmx\-tii. imim\-^. ^^^^m^mm2 1 4 

4r^(^^!|s|.^Ai^Silt--^ ^ -r xmiL.x J: 

[0136] 017 \Z.m\^ti^'^(09MmX\t. 

^s^v>^^2 1 4j^. mmmmi iim<^o^Vr^fh 

SfoT. ^^|s^^«9av^il^2 1 4*:i. r:7-<rz'7->r 

^^SKxt^^ffii^. ^^Pig^jxj^^fft^. mm 

^J^tf. ^/vr7^ y VXti^'^-t-^'hniy V<bcO. 

l^^3|Sf;«i5^ P-^ hi/^^^— V hy ^ ;^ ■pTiS^iSt" 

[0 13 7] mimJ^m2T^'^^^-—V 2 2 2RXJ^2 
2 4ti, ^n^iv^ »l^ii£^m'9&V^^^2 1 4;ei^b± 

mRrj^Tm\^mm:^n^o ®ir^ir;=^^— h2 2 2^? 

A;^4^-h^L-rffll/>^>tv. M2ri^:fe:;^7K-h2 2 4 

^2 1 4fi. 'rmmo:>n~TAS(Dt^mm¥m^^^i^^ 

h 2 2 4 f^. ^^m.i^My.\-^:^^^y^^<^ ^ ( o n - d e 

vice) ^?gflcltz^E^i^T*fcoT^v^sft«caj^^cs^^H 
f:Lt^\^. mmmm. ^mmmi\:>. xnm(omisL<7:>mm 
^hrzh'rmi^y<t}^—ht\^xm^^x^\^'^ (mis- 
m2 o^m) o 

[0 13 8] ^m^\^^oti/^mi^nwi^&^^mm2 1 
40 4\cmA^tixi.'^o ^n<Dmi^\-^. mir^-^::^ 

^—V 2 2 2\z.^>^y=^—y^^fy^^^^(omm'f^<^ 
k.\^^ :^y^y'y<'< :^M^'^^^n<ommx'htih^f\^x 

[0 13 9] ^i;^ffl^^2 3 4(*. miu.Pc'^'om^ 
2 1 4 \t,'Tm^\x'm 2 ^mm^mm 20 a turn 
my.\^Wimm^m^^\^x\^^x ^\^\ mi^m^^2 34 

50 t^^. m^W:m2Q AK'^n^'m^<o^tE^^=^^'r^ 
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[01401 EI 1 7 \Z.7j< \^tL^'&(D%mm'r^\t.. » 2 ^ 

Pc^^m^^m2 1 6(^. ^l^^sfK^»9fev^i?^2 i 4 

t^oT. ^2^^|efS^'9^6v^^^2 1 6t*. m^»Wiflft 

[0 14 11 ^lKip^St^9fiiV^S^2 1 4T*cD#'g^c0J: 
51-^ ^2^i|S^S^'9aV^l?^2 1 6 t:,. ^COmiJ{3l||2 
&t;5||3Ti^ir>^^— b 2 2 4S:t;«2 2 6;it5gEB$ix 
^1. |S2S.U^m3r^ir^7K-h 2 2 2. 2 2 4 

g^2 1 4;e)^ib^Bf^ti^T^2^Jtsf^i9S^V>^m2 1 6 
±t;:i?5«$tuXU* 5 ^2riJ^-fer;^;5K-h 2 2 4^^ 
AP^-hibT{^«U. ^3r^ir;^x}f"h 2 2 6f± 

Jis^S^^^m^^6^^T^f^c{Ry;5^^b®2^}^^'9g^V^il^2 16^ 
^^Bfi-o mlK^|s|•^«9ftv^lg^2 1 4-^c0jSfrat^E&il: 
i~^tcib. :^l T^-fe:;^;^^— h 2 2 2(*F^i:.^r ^;dS-c* 

[0 14 21 01 7\^^m\^rcx^\-^ ms^n^^^ 

3^i|efgt»9av^^^2 1 8ti. ^omiJtc:^ 3 25:1/^4 
r^ir;^7K— b 2 2 6^0^2 2 8;eiS@ag^tb. TiJ'-fer;^ 
' :^—h(DM. 2 2 2/2 2 4^U^2 2 4/2 2 6 tClKb 

«9 S^v^i?^ 2 18 ^TgK{RfI<?^^i|sH*f^«g«E;5>^fe>^Rit- 
-5o ^2S:U5^3:^W^©2 3 6SU^2 3 8 t^l^W 

^^2 3 4(cMbr±aib/c:,i: 5^-«v^e>^^T<tv^o 

[0 14 31 ^4WJiSf^'9e^V>g^2 2 on. ^n-^h 

^^^T^K m'^^j:^i^^ho^n<omm:^^i&m\^xmm^ 

f$.^ivxx\^\ m4^nM^m^^m2 2o\c^^^fh 
xx^^i^t2^h^yy^^mm<Dmn. m^^^^-^h^ 

^^T^-^ x2'^Y^yy '^^xm'^^^^'^v^y 
y^—. ^:t:y^^^x2'TV^yy-(—. ^yj\-^M%^ 
t^-^ hifyy^-. RXJ^^(Dmxhho ^x2^Y^yy 




ItPsps- 3 3 4 5 0 5 



<Dmz.'i^^^h.^t^^%fii\'ii\A'm,m^i\^x^\i\ m% 

% -tr/l-I^Siiim^-^ \fy ]} —m^^W) (T e r a b e 
(1 9 8 5)Anal. C h e m. 5 7:8 3 4-- 

8 4i#») . ^-^ u — Rxj^'to 

yy^ -J*. iz/^Bfe^-t' h y A, ^{[^'t^/i^T 
co<fc5?t#ffiStt^K 3- C (3-=i7^ Kr^hf/w) 

( rCHAPSj ) . 3- C (3-=^^^ Y-fx:^\fM 
-i^y^^/V-T V^:=iT] - 2 -t Kn^^v/- 1 

>'^:7"ny^>- ( rcHAPSOj ) . yM^^0:>W<o^b 

20 [0 14 41 m4:^!dbl#^2 4 0 . M 4 ^JfSl-^ »9 &V ^ 
il^2 2 0;ii-ibT«aiJtc:3^6^iN'di£Kifm(-S£®UTi: 

— IS CD f^* t-^ N'J b T J: V \ 

[0 14 5] 3i5^ei](;i. mi hm^. Rxm^ hm\o 
2 4 0 s^t^lg 1 ^ta^ffi 5 6 RU^^ 2 w^mM. 

®5 8l;iii:^-r^W<l:*-rS^tS5 4tcil^— ^^*^NiJ^tb 

1 7|^«g 7 6 t ^iN-^fLSISS 6 0 <OM^ 7 4t ^"T 5 
30 :=^ly-J^y h^^7 2X^oX ^\^\ IH 1 1 5 

:^(DiaSf^:J:o-C. :=^:^iyyh^m7 2<D±m^— 

ifc-r -s^fe^^w^KSi-fto -c /z - T A s ^^iiii-r^^ 

O Mi* til ^ ^ I- ^ "5 «J5Sci * n S M - T A S 

h^m7 2^mm't^n^(ow^f^(o^mK uv/v 

is. ^3tx (RI) > ^-^VS:UfWf£lcr)55*^3t 

[0 14 61 jiz -TAS|c:ov^rcoS ^^{ClSUcOiM^S^/cf 
40 m4r^-fe:;^;^^-h 2 3 Oti. 1 o:i^_b(^ 

3^c7:)«t^<£:ti«^LTJ:v\ ±^(D^^\z.^ m4r^±y^ 

7K-h2 3 0ti. ^4^^tS^^'9av^g^2 2 OOttlP^^ 

y.<Dmitii^^^m\^mm^\^^^H^^xx<. ^th\cx 

xm4^m^^2 4o\zx^^nikm^&)^'t^^m^ 
^m^x^^(^xh^o 

[0 14 7] meTi^-^y^^—h 2 3 2fi. iJi^l^tti^ 
50 o^^coiEjilx^-g-tPt^^M- 1 oijj^JiO^fiH^HB^iiWb 
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TJ:i/\ iS«^6^{c:. ^4Ti5^ir;^.if- h 2 3 0 tc: 
^<D^0\^. ^6T:^-fe^7K- h 2 3 2 tJEflciK^g:® 

\zmvH\ixJ:\^\ mer^-tJ^^^-h 2 3 2f*. 

LrJ:v> (12 2 1-0 2 5#fl9) a 
[0 14 8] El 1 8'-[§|2 Of*. S^±.t-*ffi r:^>'T' 

«6f*:iRSI^B^*i-5M-TAS 2 5 0 5 1>0 

T-fo-So «E»iRS^H2 5 2fi. IS®JSXJiftil<^^^* 
"C # -5 I^H ^ S (-S« i-iS ^ ^c^*^^ p ;^ 

^t^%\^<\m.^m^mi\ (post-separat 
ionpre-detect ion) (DW^W-WMV^M 

[0 14 9] 01 8(c:^^Lyh-0ijT*f*. AR^-f 2 
5 4S.t;^WP^— h 2 5 6 ^*-t-^«Sf*iR^Eill2 5 2 

^;^/U2 6 2 ^fBS^^i-S::^i*T*^^e|'^SI2:H2 6 0 

^) ^^-e# -5 J: 5 t^H^i^-r 2 6 2 ^ffi 
5:m«%-r-5JR^IKiii2 5 2 i:^i|ef*Q;3g|Siij2 6 o ^t*. 
;?7^'^— tK2 6 4 i com^'^t?UT% ^H^^tv, 

[O 1 5 0] mi 9■T^[iIft¥$nxv^SSIJ^0^^fe^JT*^*. 
afD{*:iR^lE:H2 5 2t*, A P h 2 5 4 S.t/tti P 
h 2 5 e^Sr^-r-S^S^-^^r^^J^^^ h^i?^^ir— 2 5 2^ 
^iWSffil^. ^?t^«'«it2 5 2' . 2 5 4' ^-0? 
2 5 6' ^|g2 5Iz±lS;K2 5 8' {^lU— f-*^N'J L,T?i^^ 
LrJ;v\ iR^EH2 5 2fi. » lS.t>*^2S«;i5±(c: 

[0151] SEflciR^EiiiloH*}#*tt^MWIS:5it*^M 
fi. Sigg-^-Ti^ P^i^^>/l-^S*LT^3l£f^tOig[E:H2 6 
Os ^^isf^fcSS^*X^i^itsl•Stl9&v^il^lK^E^l^2 5 2 

f*, ^5^^S^t?J:<^^b^^T*5t9. m^\t. Ma n z^. 
(1993) Adv. Chromatogr. 33:1 

[ 0 1 5 2 ] EI 2 0 cOifSiHt-TT^ Lfc J; 5 KSEl® 
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:/S:?i?^-r6o SB(jl:frrS]-7-r ^n'-^Vu:/2 6 8J*. S 
^WS^. tSJLSigg-r^i5'n^-^;t^/U2 6 2c|3j;i^'g'$tb 

(xf^^sf*) ^«^^trx>r 2 7 Of*. m<D±mt.mt^ 

^E® 2 5 2;$)*?pJE#:£^^Ib^^C$^^yci2^(^$gfflL 
[0153] 2 7 2 f*. fll2 6 6 SrES^H*^ 

tr^^^ 2 7 0(7>F^^ife^*n?^U;«i^o^co^S^iiAD^ 

Sg2 6 6(7>T*'^<^?^c::b^^i^C^-^i:. ^X^XUW 

^)^muM2 5 2;i^ibtsi:is^'^>ri?^ t3^-y^/i-2 e 

2. y-^^ h^Vwy 2 6 8 S-tJ^^JN-^SIKB 2 6 0 
20 ^^^o 

[0 15 4] fe-5V^^*, jfjnl^^^ 2 7 2 t*. lR^Eilj2 
5 2-^t^t>c><i:flftSfiiUria®$tbTJ:v\ rcoiagT- 

10 1 5 5] :$:P^ag#T*M^ • -T A 

=^m.mMm^ (Mo r o n e y^, (19 9 1) Pro 
cMEM S* 9 1, p. 2 7 7) X(*m^7k;^^6^^ 
30 (Richter^. (1991) Proc M 

EM S' 9 1, p. 2 7 1) ^^J[gSf-S^V^T^ti<Ii" 

fhfcit^^Vl^y (Osada (1991) Adv. Ma 
terials 3:107;Osada^. (199 
2) Nature 355:242) ^fflV^T J:V\ 
[0156] ^PcWM^^iki^ y AlH]lK^/-<-f ;^ ( 3 2 

0) ^^m't^t:.^\^mm^\^-^^M^^fz.'^'^ ^ ^ 

hy^^-V — ^^*6^Ji-El2 1—02 3-e^t"o 02 
1. 0 2 2S-t;^0 2 3f*. ^PtWmti^'^f\^\^^oXYfh 
40 ^\.x'^:^yJ^m^X^^Xbti-TASf}^hWm 
^iX'S^^^m^i-S^z -TASco»fffi0-crfo^o v^ 

02 1 *#fi^briftP^-r^ ^6^Jt£fi«5Si5*2 
1 2 tm6T^^>^yf-—V2 3 2 if*. m^T^-^y^:^^ 
2 3 2. gSf$^Kit#S3 0 6S:U^tUP/X/U3 0 8 

i^5^cfz^is^&b;?^^o^4;5f5-srUTv^^^i;-g'^3 0Af>^hjs. 
0 6 f*. mm\^ u-if^N'j^tvyh^asMf^af. (021) 

Xf*-^-f:^ n^-y^.yU' (02 3) (C^ ^ $ H 

h-efcoT<J:V\ 0 2 1 f^^i-<fc 5 t-. ffif* 
50 eit^©3 0 6t*. >^f>^Xf*?Sf2^^^9i^SS (^73^L?if: 
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F3 2 2(i^i«(7)Jl?t^JS:TJ5fiESOT;^^i^ hltT^fooX 
.tv>o ?S;^/5^^[hIiRt'^M^ 3 2 0«ria2 45:T>'[12 5 

[0 15 7] ^-TAS^^^^nmm^^J^^'^^^^^lF 

mm^^S 1 2fi, i^:3|sFi^it^S3 0 2 irmg^ftiUTK 
SbTi:v\ JtjDia^^3 1 2cDMa;$5Jb#i-Stc:on. 
^^cD^f&;^s^l'g^^3 0 4T-lS*nUT. J: i9 

' LV>^^^COV^T^^. A 1 1 e n^. (1 9 8 5) He 
wlett-PackardJ. Mayl985:21 

--2 7 ^#fi^co;n^o 1112 1 tc::}otj'^ J: 112 2 
»f®IM-e^Lfc:^;?7^i^[E]lR7^/-<-r;^ 3 2 0 . 
ffifflc^S:*m/h^t^F3 2 2;55^r(c:v— ^f^^IJ^i^TV^ 
SS^-efcoX ;b[ix.r. :^7/-<— ;K3 2 4 
TAS i:^;«;^AlH]iR7^/M^3 2 0 P^lt^iKitt'S J: 5^ 
A^tfrJ:l\ ;?;/<-*R3 2 4Ji, J X/U3 0 SRXJ^U 
/h#F3 2 2 i:tt;55-ifcL^cWPa5^#b. ;5>o^fcL. 

[0 15 8] ti-TAS-^^h^nmm^±^^'^:^^-:>m 

3 0 6 ti. meTt^-^^yi^ 

"h 2 3 2 ^^^5^*]^^uTv^sml^ci::^>'7'^'<>r;^ 

» <^^ftlR^IS:S2 5 2 ^^SE^*5S^bTV^S^2*ffi<^^ 
V\ SSffeiS^S 3 0 6 (i. |g6T:^^ir;^;^K 

2 3 2 tmi^mm\^x\^^^mi^t&t^^<Dm»m 

mt>^m2Mi!^t^mir^'^^ i^r^i^^^/ux^^k-oXX 

V\ *Df^^^i3 1 2fi, mi^Bm^^S 0 6 ^BSMU 

•riss$ti/ri:v\ ±^(DXo\^. Jtio^^^s 1 2 cog 
KjIc:J:o-c. •^OMig(^±#. Jl-g^m 3 0 4 Xc?:>^^<D 

4 r^ffl bfc ^ P ^ ib . Xf^ rt^® 2 

5 8^ 2 5 8' tic: I — ^mmi.tcm^(0'^'< t^^'^^ 

I gG 

mm (mg/d 1) 1200 
M 7 




i|$g^^8-3 3 4 5 0 5 



#^3 2 8J^. 5®. P^Wi. XJi^<D*XfcorJ: 
13 2 2t;iBiaLTlftP^byciJ:5l-. ;«7/'<-tS3 2 4 
iltRS^I-. M-TASi:m;^7^i^lH]iR7=^^W:^3 2 

0 <?^Ffl ic:^t!iT* 1 5 J: 5 ff A ^ ixr J: V \ 

[ 0 1 5 9 ] HI 2 4RXfm 2 5 {^^"f-J: 5 ^^Sf^S 
l^^#F3 2 2X\t^M^i^- h^ms 2 SXh-oXX 
V^f^^S^g^t#S;il^?>^i!c5^:*7At^IHX7^y•<><;;^ 3 2 0 
10 f^. y X/U#^3 0 8tcftMLTiag^*XTI^/X/U# 

^3i£^IH]lKffl^^ste^c:l^-i^*^Bybfc?S/^#F3 2 2xh 
^^^x\tmnnnm^m<D^Amm^— h^ms 2 sxh 

/h#F3 2 2li^(^StK{c:i— if^M^tbSo 1112 4X 
i;fEI2 5t;i:^i-J:5{c:. 

5^;as[Hlitxx^ ^ J: 5 tan y X/wi: [pj^nTtgl^r ^-f ^ V 
^^i^'5o fc'5V^^i. III2 5lc:^-rJ:5l-. ^:^;^^IhI 
20 iRt'^-^^ ^ 3 2 0 ti. ttipy X/Pt#— ifi:Ufc§lPgi5 3 

2 6^*-r'5*^^S3 2 4^^'g-b. ^l^X^^^^ 

3 2 4f*. /i -TAS i:^i|Sf^:Stt^#F3 2 2 ^(DPpI 
irJfA^tv^o =^;^7^A[p]iR-7^^'<-r^ 3 2 Ofi. M-T 
AS 2 0 0{c:[lI^^t^{^:T^-f ;^ vh^tbfcT'-Y^^t 

2 Ot^. nn^^if^^^S 2 2COSIIiSg, 

30 [0 16 0] ^<D^tf^bv^#^^^fe0}^c:M^Sb 
m.m^n^ti.fch(ox^ox^ *^p^co®ffl>£:PS^-r 

[0161] i[kcommmit. m^&m<Dh-:>mm^\^^ 
^m(D:)om<omm^o\^^x<D^^fj:m7j^ tm^m^m^x 

m&}tx^f)^^i^t}\ti^^m:^^^>\^<}'^t(OjEmxh^o 
y ><D^^W'Xmj^^f\^x\^'^^. 

[0162] 
^tc [*1] 

1 g A I gM 

2 0 0 10 0 
fast 7 to ^ fast 7 to j3 
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-77^ (kD a) 15 0 

[0 16 3] %^^x2-:fyj 

f\.^{il<DMm^6i<om\^}-t^ TJ\^zf% V (4 6 O Omg 

/d 1) . try/utr:/ (o. 4mg/d i) , ^x^:^"?^ 

VL-'JV (211mg/dl).^ (1 . 1 mg 

/d 1 ) , ^)Vz:x^7^ (1 0 8mg/d 1 ) . 

A (9/8mg/d I) 5:U^Sa^& (5. 9mg/d 1) 

[ 0 1 6 4 1 2 0 mm X 6 0 mmO^^^^-t"^ " 
TASy^z-^-f Du Po n t?±^^ibiSSKa p t o 

y h/^¥ffi*^^?£Ji> J^TT*^^. tlx 
5$Xg!l^i:bX*^i-So 
[0 16 5] ||l^J|S^S^^9&V^g^2 1 4(^. 5 X 1 
0X0. 2"Cfc^o mfi. ^®2. 0/il^t>o^^ 

^irJ^7K-h2 2 2S.U^2 2 4Ji. ^t^t^l if^NU ^ 
tt. ^i^3N-Sii9Siv^il^o{|iMt^:ifig^tu^mi^t/ 

»2^JiSfS&1^^^2 O 2S.t;^2 0 4-.«^f*^^At>b< 

-S^^^gft^-r^o l|lSU^M2ri!^ir>^7K- h 2 2 2 

(#) rjttsj ^n^\^m%^\\^ $^^T::l<o 
g^^^ *9 lit-- ^ 6 ct 5 /-</^:/^^ScD-^::i7M/v 

[0 16 6] ;^*JS<?ij60S6tlT% ±^X-mi 5 0 77::ci^ 

h-=e/U(7) I g 2. 2y=^J>>h^/l^<D 1 eMRXJ^2 5 
y=rLj>. h^/KD I g AM^^^T*V^^ 5 M 1 «^ t h C^lk 
ff*^l^Jt^4m'9av^^^2 1 4tc:^*bfCo ^tl^fil 
gG. I gASU^I gM^'i^^ir^i^>y<^mA/'G 
(Pierce) ^^m't^fiMmK^^t^h(DX^^o 
nm<D%^\ts miT^'ir;:^/i^-h 2 2 2^S*LT^ 




9^m^S-3 3 4 5 0 5 



16 0 9 0 0 

[0 16 71 p:m^mi^nwLy)&\f^mm2 i 4i^*3v^ 

-t:^^— V 2 2 2'BCJ2 2 4 tffla-rs^"^/^:^;65j2Sjf)$ 
■^LT7^;*7 5/^y >'i/®^£;^5||^S:albT^V:/T- 
#©2 3 4 tc5t:^Sl3l-ig'&$nfc:^ti5^3fe^«ff 
^LTS^t^^:^5V^0^1^mt)aV^il^2 1 Ai^^hm 

10 St^:h.m2^i|sf^»9mv^ig^2 1 ^\z.%^'^ihfz.f>^^ 
[0 1 6 8] ^2^Ji£f^»9&V^^^2 1 6 (3X30X 

0. 2 ; 1 8m 1) i^m.m.mm^mM'r^^o^M^^tu 

m5>«fffi^^oT5Sj*b-r<fcv\ {-^t?«9c?:>loOfi$2.tgfe 

20 So ^^t-s m^i?^ hi/^P^^— ^^^l^— K^{to 

Wxtf. Knox^. (1 9 8 7) C 
hromatographia 24:135;Kno 
(1 9 8 9) J. L i g. Chromatogr 
12:2435;Knox^, (1991) Chro 
matographia 32:317 o 

[0 16 91 :L<DmMm<Dmmx*. m2nPcWL^m^^ 

m2 1 6ti. y^VT^]) /i^T% K. y ;^ ^/Ut^ ^ y 
30 m2Rxy^mBT^^:^^'-' Y22 4S.r/2 2 6 irWiSi" 

mm2iQ^m^ m-to 

[0 1 7 01 ^3^J|S^®t^9av^^m2 1 8 (3X40X 

0. 2 ; 2 4/i 1) f^. vm^mt^^m 

^//i^-x-by -/:^;^tc:jot:l-5^ffi*m (lEF) 

40 [0 17 11 rO||J£«?(|C0gfi^r% ^3W^'9®V^^ 
^2 18t^. ^fe^oW5S#^-J:oTi5£5q$i^XV^^ J: 51- 

fl?W«r^tP (Wehr^. (1989) Electro 
phoresis 10:23'--29 #88) „ 
[0 17 21 %Z'SiJJ%AT^^7si^-—Y2 2 6X1/2 

2 8tr«g'g'$tvfc^^/i-::^f^s %z^p^^'om^mm2\ 

2 2 45.t/2 2 8(Cig^-r^>'VUy^;«>5je»!)$tl.T^2^ 
50 3|£|-5t'9&V>il^2 1 ^fi^hW(k\^'^Um't^. ^2^tt| 
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^^2 3 61^. i&TOSelfls:;iSV^om3^^^a!9fifcV^il 

*«l-s ^3ST^^4r^ir^^-h 2 2 6X1^2 

^feJiS^^-f-So pH7-'4XI^9'-6 (Sigma) t 
V^5t^)^'^^£H*t>OV^^9^^)-5^y >"^:y :7r (polyb 
. u f f e r) r(0©PgT\ I gMt I gA^^^* 

h I gGcD^St;^|S^2- 5o 

[0 1 7 3] ||4^i|£fSj"9feVNi?^2 2 0 (5 0//mX 
5 0 mm ; 1 0 0 n 1 ) fi. I g Mf)^ h I g ACOftjfil^J' 

(CZE) S:^£or]l^Stv. :La:>m'^. igAirig 

h 2 2 8S.0^2 3 0\Z.m^ir^'^='^/l-Y\^^n^ 
10 17 41 M -TAS(;:iJ:^jkfS<^ifeffii/n:/y 

^^W(o^m^m'^(o^^^mm\^. m4^tu#^2 4o 

^^r:L^t-S^^(-J:oT^4^i|ef«fDgS^^2 1 OT*a 

#x.STfe>55o msr:?^-^;:^:?^- h 2 3 o»*. 

I ON. S:0^1:^^affl^^^^A-rSfci?)C0#^i LTffl 

[0 17 5] U±.\^7i^^fc^o\^. [1] /h 

(2) ;ei^bJBjcS m -T A S (2 0 

0) T*fcoT. (a) mim^m^ Ce) xr;?^25p±fi 
^ Ifeffi (8) tD|IK^i1j(;^^ta/cC*K^^®^t>o£« (4) 
stjiBSte (4) stfiami^^m^B (6) ic 

t^'^N'J^ixfc01-r^i?^n^>^/u (10) Sr^-r 

ti. ;ei^ot&ismi -^-r^p^-^^/u (10) ;&5d'^^e<t 

t 2OC0^i(£fja{^^^ (2 0 2, 2 0 4. 2 0 6, 2 0 
8, 210» 212, 214. 2 16, 218. 22 

0) ^^hm,^. taisss (4) (b) mw^mxw-m. 

(6) ±{r@E®*ix. SaiB^l-^-^i^ n^-r^/i- 

(10) cttDim-g^-tirT^mmiisf^ijais:® (i4) -^w^j^ 
'th:^y<-m. (1 2) r*fo«9. ^mm'fmm (202. 

2 0 4, 2 0 6. 2 0 8, 2 1 0, 2 1 2. 2 1 4, 2 

1 6, 2 1 8, 2 2 0) (2 1 4, 

2 1 6, 2 1 8. 2 2 0) i:$Ef*iii^LT^ii4^Sfi&il^ 
(2 0 2. 2 0 4, 2 0 6, 2 0 8, 2 1 0. 2 1 2) 

^^i6TVN-5. m^:^y<-^ (12) (c) 

im.wm (1 4) ^iiLTgft^c^iiia^^s. &fii<t 




^mW-B-Z 3 4 5 0 5 



fclo(7)AP^-f (18) ^/i;^/j;< i: 1 1 oottiPTjf 
(22) Sr-g'^T•^§^i:*4*^»i:■r5M-T 

AS (2 0 0) . [2] - [9] mm^^ 

[0 17 6] [2] mi^Pc^-^^m (14) f}^^ 

iiV^lC/j^S^itS^^EKil^ (2 0 2, 2 0 4. 2 0 6, 2 
0 8. 2 10. 2 12) t^P^'S^^^\i^^m (2 1 4, 
2 1 6, 2 1 8. 2 2 0) i:^:^if;:>-5^)N'aft®^ (2 
0 2, 2 0 4, 2 0 6, 2 0 8, 2 1 0, 2 1 2, 2 1 
10 4, 2 1 6. 2 1 8. 2 2 0) <D]^WS.mt^h^^:Lt 
^W^t-t^ [1] tc:|B®(D/z -TAS (2 0 0) « 
[0 17 7] C33 ^btC, S« (4) {CU— if^BiJL 
7t^a^S(2 3 2, 234, 236. 238. 24 
0) ^^otaiHO^IW^S (2 3 2, 2 3 4, 

2 3 6, 2 3 8. 2 4 0) miV^Pr^'^^m (1 
4) tmi&X^Xm^Pc^'m^m (14) ^iiig-r-S^^Sf 

(oi^m^^mcir^^t^w^t-r^ [2] tciis^t^M 

-TAS (2 0 0) o 
[0 178] [4] ^h\^. (a) mi^pjtaS® (6) 
20 {Cll^-if^B'JStbTt^SicO-r^^^r cr;^^ h^i5^^-¥— (2 
5 2) -CfcoT. ;e»^o;^y'<-tK (12) ;&SMIS-r^ ^ n 
^ h^^^^-^OM'&'-^ir-eAP^^ (2 5 4) ^ttlP 

(2 5 6) t^^^^^^Wm (2 5 2) ^^it) 
S. ^^O-^^i!^ h^^^-^— (2 5 2) 

(b) mi^a^S (6) 9-*^B'J^*X^c^^-r^ 
^ n^^;^/U (2 6 2) "efooT. ;$^o;«7/'^— (1 

2) tm^mM-^-^ ^'^'i^^^/^ (2 6 2) ^£^m^^ 

T*miKi^M3®|Kilf (14) Rx^m^wm<o\tiu^wt 

(2 5 6) ^ -ttt-^nSE^^ig^ bfcM 1 JSlXJ^ 2M^^ 
30 ^-rSKiiSf^ESSlI^ (2 0 2, 204. 206, 20 
8, 2 10. 2 1 2) ^^26S. ^^g^-Ti?^ n^^j^i/U 
(2 6 2) t. (c) ^^IKHCOAP^^ (2 5 4) t 

5 2) ^^(Dmvf<Dmm^^mK'r^:t]}:y^^ d 

8) (d) ^§^EiS (2 5 2) ;5>^ibf*i|£fSSK^^ 
(2 0 2, 2 0 4. 2 0 6, 2 0 8, 2 1 0. 2 1 2) 

^ijt'i.xmi^Pt^^Km (14) ^^(om^<oi^m^ 

^HglCi--5ititf'^<-r;=^ (2 6 6. 2 7 0, 2 7 2) 

^-^AyT^^Sr ^^^m^fS Cl] (^IE«CO/i- 
40 TAS (2 0 0) o 

[0 17 9] [5] ^ibt-. (a) m 1 
fflP4f-h (2 3 2) <tSSft:il^b/tWi^i*#^ (3 
0 2) T-fooT. tJieWillii^© (3 0 2) tm^^ 
(3 0 6) i«ftf$iI^&U?5^of4;^5-i6:b-CV>S^l 
. ^m. (3 0 4) tltiPyXyU- (3 0 8) i:;?)^?>J5tSc5^iis|' 
^l^ii^^ (3 0 2) (b) mWB^M^fk (3 0 6) 
<!:tetfe^tg/<?>KfllT*«S«s:i«*&b;^ciJg^*ai (2 5 2) 

(c) WpyXyU (3 0 8) (rgabTiBS^Hry X/W 
^S;e)^??^o^fil^$*g^tSK^is^S^^^^ (3 2 2. 3 2 

50 4, 3 2 8) AlEllKy^y-^^;^ (3 2 0) 
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t^^Ayt^f&^^ti:Wmt'r^ [2] RX/ [4] 
|;iI5^0/i -TAS (2 0 0) o 
[0 180] [63 ^h\^. (a) m2^mm^ (8) 

\cu-^mmvfc^.ur^—h (6 8) ttap7}^-h (? 

0) ti:^ir^m2'r^ ^ ti^^^./i' (6 2) ir. 
(b) »2¥ta^® (8) ±lc:iEB^tt. m2'^^i^u 

^-yj^^/u (6 2) t<om^'^x*m2P:nmm^m (6 

2) ^^i55l|2;^7y<-« (6 6) (c) ^ 1 ^Jpf 

(14) (Di±iq;5K-h (2 2) tm2U,ni^m 

Eiij (6 2) (7?AP#-h (6 8) t SrSl/^tc:^!^^ 

•r^=^l^t>^y h^m (7 2) T^fcoT. t8IEO=»Vvf:v 
(7 2) ;iSS«{c:v—i^*^BlJ^^^yclr/^^^-y— 

i^#^i:i-S=i>^v^^/ (7 2) ^^A. 
•C^^^t^rWm^-r^ [2] \Ctd.m<Dti -TAS (2 
) 0 0) . 

[0 18 1] [7] ^ti'eth. mi (1 2) s 

t;?M2 (6 6) :^y<-m\^^—^mm^M^o=^>i>>y 
h^^(7 2) i:^#6^t;iiS^&bTiag^;Jx^cr/-^^'^ 
(7 8, 8 0) ^^^ir^:zt^im 

mt-r^ C6) t:i|Eife<7>/i -TAS (2 0 0) o 

[0 18 2] [8] (a) mi^mmm (6) 

tdV— if^B'J^tufc^:g§C0-r-r;5^nj^ h^^^-^- (2 
5 2) -efcoT. ;5^o;^7>'-<— (12) ;d5^ia'^'Y^n 
h^^^-r-<t(^m-g'-itT% AP^^ (2 5 4) tm 

Q^m (2 5 6) t^^-r^m^mm (2 52) ^^^6 

5. ^S-^^i5^n>^ h^:?^^-^- (2 5 2) (b) 

miw-i^^m (6) (cu— 

•V-:^/^ (2 6 2) T-fcoT. ;&^o;^7 tE (12) 

iE^^*^-^^n^-^^./ix (2 6 2) ^ (^m-g^^-eis 1 ^ 

iiefMSIIEilj (14) STJ«^«II^ilfc^WP#^ (2 5 6) 

^^§^^(2 0 2, 204, 206, 208, 210, 
2 1 2) ^^fcS. ^^•^^^J'n^^^/k (2 6 2) 

(c) SS&IE:iij(7>AP^S (2 5 4) t^i^-^m^j: 

4^^T*ggft:afi^L/c:^y (18) T'fooT. 

m:^^hm^&m (252) ^j-^cDSfD^t^aig^-ertgtcii- 

'5;^];:7^;^(18)^. (d) ^SfEU (2 5 2) 
bWi|Sf«ftSSlfm (2 0 2, 204, 206. 208, 2 

10. 2 12) ^ifrvxm mn^m^m d 4) q^--. 
<Dmi^(o^W)^'^m\c'r:bmmy^y<^ :^ (2 6 6, 27 

0, 2 7 2) ^^/uX*f^h:::t^^mtir^ [6] 

i;ifB«cOM -TAS (2 0 0) o 
[0 18 3] [9] $?>t-. (a) mi^iiSf^SKHcO 

up4^-h (2 3 2) tm{riM'^\^fc^nmm^^ o 

0 2) T^feoT. ifffB^)|42lii^^ (3 0 2) :^mi^B 
m^^k (3 0 6) i:^E^*:iS^L;5^otlt;i5-grL,TV^S^g 
(3 0 4) irttiPyXyu (3 0 8) ^ 

ii^anit^is (3 0 2) (b) mm^m^m oo 




^mW-S-S 3 4 5 0 5 



6) tm^-^m^mmxmt^mi&L^tcmt^m (252) 

(c) I±lPyX/U (3 0 8) |;i^UTi£E$tbTy 
X/^^g;e^-ib^0®St^S4:S^t^WS^t^S (3 2 2. 
3 2 4, 3 2 8) f}^h^^'^:^yJ^m^'f^<-(:^ (3 2 
0) i:. 4r^A/T^5r tSr#i&t-r^ [4] SU^ 

[6] *^:iG«t<^M-TAS (2 0 0) o 

[0 1 8 41 [10] (a)v^y=i^^ 

x\t^mit^^m&s^(Dum-bf&^m^ (4) ;j>-e>?i^ 

j5£$ix. #>«r;65||K6^J(C^m/<frt«ffi (110, 11 
10 2) «:t>omi(Z?fl|*il^4^^ (10 6) RXJ^m2<Dm 

^mm^^ (10 8) ^£:^-rss:«F» d 0 4) 
(b) mi^nf^^^ (10 4) (^rt^ffi (110) 
u-'i'm^l^f^ftimi'^^ 1!^ T^'^^^y^ (114) t. 
m2^w»^^ (10 8) (D^^m (112) Ecii— 

^gij$ttf::^2-^>r (1 1 6) 

tiJlE^lRt)^»2<:0-r^>!^n^i^^/U (1 1 4. 11 
6) ;?i5ffi^:*0^«'^^;^Si:5ia®^nfc:. Ill 
m2'^^^ui^^^/U (114. 116) (c) ^ 

^#»^5>(1 0 6, 1 0 8) cDP^Sffi (1 1 O, 11 
20 2) ^£^5:v^^^:^f^|5'g'•^i:-er*y-f ;»< vh-r^r i:{c:i:o 
TjFf^^^:h.-S^l^J|£F^iiIEB (14) -efcoT. ^ti 
\Z^oX. -r^ ^n^^^/u (114, 116) fimU 
^r^Pt^m^m (14) <£r3^ie)d^oS&|smi^i|£f^3S 
IKlij (1 4) ;55^ii6|-^t)&V^i?^ (2 14. 2 16, 2 

1 8. 2 2 0) ^»*5e^&L/c:^i|sf«DSSil^ (2 0 2, 

2 04, 2 0 6, 2 0 8, 2 1 0. 2 1 2) ^'^^b^'^ 
Pcm'^mm (202, 204, 206, 208, 21 
0, 212, 214, 2 16, 2 18, 2 2 O) t^h^ 

-5. mi^Pc^mwm (14) t. (d) miw^^m 
® (14) ^mi.xm.w^m'^-^'^^'p^^< t'h\-^<D 

AP4f-h (12 0) ^/>/cC< ^t>lO(DtliP:^K— h 
(12 4) ^-g-A/T^^Sr ^^it#Sfi:^f ^M-TA 
S (2 0 0) . ^m'Bt Cl 1] — [1 4) (T^ifjg 

[0 18 51 [11] mi^Pc^^^m (14) s 
V^]gV^{;l/ce^^JiS^^KSS^^ (2 0 2, 2 04, 2 0 6, 
2 0 8, 2 1 0, 2 1 2) <^^J^IR^9&V^i?^ (2 1 
4, 2 1 6, 2 1 8. 2 2 0) t^'&^^^nm'^mML 
40 (202. 2. 0 4. 206, 208. 210. 212, 
214, 216. 218, 22 0) (OWmmt^hl^SL^ 
:^t^W^t^^ [10] dfaicOM -TAS (2 0 
0) o 

[0 18 6] [12] Sbl-. S« (4) ICH^-if^BiJ 
Lfct^^W^^ (2 3 2, 234, 236. 238. 24 
0) ^>^^iSc;'9. 7^»^ottf|S(^^W¥^ (2 3 2, 2 3 4, 
236, 238. 240) f>^mi^PtmM^m (14) 
<bii^LT^^i|£f«LllI2® (14) ^ai@-r^^^Sfc7)^ 
tfcl«:^tg{--r^ [11] {r|a«OM-TAS (20 
50 0) o 
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[0187] [13]^ibi::. (a) mispa^ffi 
(6) \Z.U—'fmW\^thrc^^<D'^-(^^y^h'7^'f^^ 
- (2 5 2) T*fco-C. ;&>o;^7/-^-:K (12) ;05S«J|B-r 
-Ti^ b7iJ^^^-i:(^iSa-g^^T*An^^ (2 5 4) 
tm^^^ (2 5 6) irSr^i-S^SgEiS (2 5 2) 
Sgi^)^. ^S-^^iJ^n;:^ h^iJ^f'i^- (2 5 2) 

(b) miw-m-mm (6) t^^^B'jsn/^c^^'^-Y 

;5rpf^^;^>rp (2 6 2) X*feoT. ;ii^o:*/'<— « (1 
2) ;55WIBSI«-^^^nf^-r^/^ (2 6 2) t<Dm^^ 

x*miumBtm\K.m (14) xt;^s§§isiijcotiiP^s 
(2 5 6) t^i^.^ivm{^mmi.timiRrjm2Mii^^ 
m-r^^nm^mm (2 0 2, 204, 206, 20 

8, 210. 2 1 2) ^#-^-r :^^^^^^.y^ 

(262) (c) ^^IS:iU<^AP^S (2 5 4) ^ 
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